The objective of this study was to evaluate differences in sire genetic values obtained by a conventional animal model (AM) and by a reaction norms hierarchical model (RNHM) that considers the genotype by environment interaction. A total of 25,500 records was used collected by PROMEBO -beef cattle improvement program of the National Breeders Association "Herd Book Collares" on Devon cattle born from 1980 though 2005. Post weaning gain 345 adjusted (PWG345) was the evaluated trait and the INTERGEN program was employed for data analysis. Reaction norms of the 25 sires with larger offspring showed ranking exchanges and scale effect in the environmental gradient.
Introduction
With the constant quest for high quality production, animal breeding tools are increasingly being used by producers as a way of improving the genetic gain. Selection has made significant contributions in this context and is practiced by farmers in order to increase the frequency of desirable alleles in the population.
The use of artificial insemination since the 1980s has allowed the dissemination of genetically evaluated bulls, that favors achieving genetic gains. However, beef production also depends on the environment in which the animals are raised. According to Cardellino & Rovira (1987) , there is genotype-environment interaction when the effects of genotype (G) and environment (E) are not additively combined.
The phenotype of an individual is the result of its genotype, expressed according to the environment in which that individual is exposed. Both genotype and environment are important in the expression of most economic traits in beef cattle and a key issue in animal breeding is whether the selection of individuals in a particular environment results in genetic progress in a different environment.
The occurrence of the genotype-environment (G*E) interaction is characterized by a differential response of genotypes to environmental variations, which can cause changes in performance ranking of the genotypes in different environments (Falconer & Mackay, 1996) .
The progeny of a single sire may not replicate the same performance of their parents if they are raised in different environments, which highlights the need for concern when buying seedstock animals and/or semen, due to the possible existence of genotype-environment interaction (Noble et al., 1987) .
Recently, the existence of G*E interaction was verified in the Devon cattle population of Rio Grande do Sul State in Brazil (Corrêa et al., 2009 ). These authors observed that the reaction norms model with homogeneous residual variance was the best fit to the post-weaning gain data compared to the reaction norms model with heterogeneous residual variance and the animal model, traditionally used in genetic evaluations. Thus, they concluded that the genetic evaluation considering the G*E interaction, due to the higher heritability estimated by the reaction norms model, can increase the genetic progress in the studied population.
Nevertheless, before the practical implementation of reaction norms models for predicting breeding values in specific environments, it is necessary to assess the consequences of selection considering the environmental sensitivity. The objective of this study was to compare breeding values of Devon sires predicted using the animal model and the hierarchical reaction norms model, which considers the G*E interaction at different environmental levels in Rio Grande do Sul State.
Material and Methods
This study was based on data collected by PROMEBO -Beef Cattle Improvement Program led by the ANC -National Breeders Association "Herd Book Collares" and belonging to Devon breed cattle that participated in the program between 1980 and 2005. A total of 25,500 records were available, of which 14,973 pertained to animals that had connected records within 852 contemporary groups and sired by 398 bulls. The evaluated trait was post-weaning gain adjusted to 345 days (PWG345).
Two models were compared for genetic evaluation: the conventional animal model (AM) and a hierarchical reaction norms model (HRNM), considering the genotypeenvironment interaction. The animal model, initially used to obtain contemporary group (CG) effects estimates and also as benchmark comparison for the reaction norms analysis, can be represented by:
where y ij = production record of animal i belonging to the contemporary group j, μ = overall mean, cg j = effect of the CG j;
= vector of fixed effects, in this case, age of dam linear (aod) and quadratic (aod 2 ) coefficients and age of calf at yearling linear (aoc) and quadratic (aoc 2 ) coefficients;
= fixed effects incidence vector for animal i; u i = additive genetic effect of animal i; and e ij = random error. We used the following assumptions: Subsequently, the HRNM was implemented regarding the animal genetic value as a function of the average environmental level, which, in this study, corresponded to the CG solution pertaining to that particular record, obtained by the AM, ( ) AM j X . Thus, for each environmental level, there is a specific genetic value of each animal i, given by
, where a i and b i are respectively the intercept and the regression coefficient corresponding to the random reaction norm of animal i. Then, we have the following representation for the HRNM:
, where y ij = production record of animal i belonging to the contemporary group j, μ = overall mean, cg j = effect of the CG j; β β β β β = vector of fixed effects ( age of cow and calf linear and quadratic coefficients), i ′ x = vector the incidence of effects, a i and b i = respectively, the intercept and the regression coefficient corresponding to the random reaction norm of animal i in the environment represented by ( ) MA j X , and e ij = error term. The contemporary group effects, gc j , were reestimated considering the presence of the genotype-environment interaction, adopting the same assumption of the AM. those ranked among the top 5% and the top 10% superior for PWG345 by the conventional animal model. These coefficients were obtained by the SAS program (SAS, 2000) .
Results and Discussion
The environmental gradient for PWG345 obtained by contemporary group solutions from the animal model ranged between -73.6 and +243.1 kg, while 80% of these solutions were between -51.3 (percentile 0.10) and +71.4 (percentile 0.90). The first quartile was -36.5 kg (0.25 percentile) and third quartile or percentile 0.75 was equal to +21.8 kg.
The animals with higher overall breeding value level were those that most responded to environmental improvement and the breeding value dispersion increased proportionally to the environmental value ( Figure 1 ). These results indicated the existence of genotypeenvironment interaction expressed by a scale effect, in which differences between animals were magnified as the environment improved and genetic variances were heteroskedastic (Falconer & Mackay, 1996) . Similarly, a scale effect on the G*E interaction was observed in protein production in Nordic dairy cattle (Kolmodin et al., 2002) and post-weaning gain of Angus cattle in Rio Grande do Sul (Cardoso et al., 2005) .
Moreover, in the adverse environmental gradient, i.e. the negative environmental values in Figure 1 , the majority of crosses occurred between reaction norms (lines), indicating that most re-ranking of sires happened in restrictive environments. These changes in relative performance ordering of sires also confirmed the presence of the classic effect of genotype-environment interaction. Therefore, breeding programs designed for the Devon breed should consider the presence of the genotype-
The random effects corresponding to q animals, a={a i } i=1,q , b={b i } i=1,q , are assumed to have normal distribution with mean and covariance matrix represented as follows:
where, a σ 2 e b σ 2 = additive genetic variance for the intercept and linear coefficient, respectively; ab σ = covariance between the intercept and linear coefficient of the reaction norms, A = numerator relationship matrix, and ⊗ = Kronecker product. All other terms of the model follow the same description and assumptions as above for the animal model. Parameter estimates in both models were obtained by a Bayesian approach, using Markov chain Monte Carlo methods (MCMC) of 100,000 cycles after a burn-in period of 10,000 cycles and thinning interval of 10 cycles, implemented by the INTERGEN program (Cardoso, 2008) .
Sire genetic value estimates were compared by the rankings of the 25 animals (6% of 398 sires) with the largest progeny (between 567 and 98 calves), obtained by the AM and by the HRNM, for low, medium and high environmental levels. To this end, the first quartile of the distribution of solutions of contemporary group by the animal model, i.e. 25% of contemporary groups with the worst environmental values was considered as low environmental value, as a medium environmental value where X = 0 kg, i.e., the average environmental effect and, finally, third quartile of environmental distribution, which delimits the 25% of contemporary groups with the best environmental values, was regarded as high environmental level.
The ranking of sires for selection by the animal model and HRNM was also verified by the Spearman correlation between breeding values obtained for all sires and only to Environmental gradient environment interaction and heteroscedasticity of genetic variance to increase genetic gain in the population in the genetic merit predictions and the selection process (Correa et al ., 2009) .
The validity of importing Devon genetic material such as semen, ova and embryos, should be carefully assessed when the selection conditions of the animals in the exporting countries are greatly superior to extensive conditions in southern Brazil. Otherwise, the offspring exposed to poor environments could frustrate the production expectations and hamper the herd genetic gain.
Rank comparisons of 25 sires with the largest progeny among all 398 evaluated (Table 1) showed that for some cases under the HRNM, in which the G*E interaction was considered, there was a significant difference in sire ordering, especially when the low and the high production levels were confronted. Some sires, such as identifications 18,275 and 18,240, were, respectively, placed in the 10 th and 11 th position in the high level, while in the low level of production their positions were 103 rd and 216 th . Furthermore, in the conventional animal model, which assumes absence of the G*E interaction, these bulls were respectively ranked as 26 th and 46 th .
The results above demonstrate that if these animals were selected to produce in an unfavorable environment according to their classification in the conventional genetic evaluation, ignoring the G*E interaction, most likely their progeny performance would be far from expected based on their breeding values predicted by the animal model. This suboptimal selection process would hinder herd productive performance and genetics, due to a mistaken choice of the sire to be used. On the other hand, some sires such as 18,231 and 18,365 were shown to be extremely robust to environmental variations, with superior performance in all environments (Table 1) , which is desirable in the selection process.
The Spearman correlation coefficient estimates between the ratings of sires obtained by the animal model and the reaction norms hierarchical model in different environmental levels ranged from 0.12 to 0.98 when only 5% of the best sires by the animal model were considered (Table 2 , above the diagonal) and from 0.74 to 0.99 when 10% of the best bulls by the animal model (Table 2 , below the diagonal) were selected. The magnitude of the estimated correlations, especially those involving predicted values by HRNM in low environmental value, confirmed the presence of the genotype-environment interaction. Table 1 -Rankings based on breeding value predictions of the 25 bulls with the largest progeny among all 398 evaluated under different models There were remarkable differences between inferences on the top 5% of the sires and on the top 10% (Table 2 ). In the first case, the correlations were much lower than those estimated in the second, when a larger proportion of superior animals was considered for selection. When considering only the 5% best sires, the greatest difference in ranking of breeding values was observed between those obtained for the low and high environmental levels by HRNM (0.12), followed by the correlation between breeding values for medium and low environmental levels by HRNM (0.23) and by the correlation between the values of the animal model and the low environmental level by HRNM (0.28). These findings point out the importance of considering the G*E interaction on sire performance rankings, given that the magnitude of these correlations was extremely low.
However, when evaluating the 10% best sires, the correlations were much higher, ranging from 0.74 to 0.99, such that the greatest difference was found between rankings of predicted values using the animal model and the HRNM at high environmental level (0.74) and rankings between the high and low environmental levels by HRNM (0.75), which would be the most contrasting situations. These results indicated moderate changes in ranking and a decrease in the effect of the G*E interaction as selection intensity was reduced. Lee & Bertrand (2002) found little difference in rankings for post-weaning gain of Hereford sires evaluated in Argentina, North America and Uruguay and obtained high genetic correlations between this trait in the different countries. Nevertheless, Kolmodin et al. (2002) reported via reaction norms ranking swaps of dairy sires and demonstrated that animals with performance records in poor environments would benefit if classifications were environment-specific. Moreover, Toral et al. (2004) observed major change in sire classification for yearling weight and long-yearling weight of Nellore cattle in different environments.
In general, the Spearman correlation coefficient obtained in this study were lower than those estimated by Alencar et al. (2005) for weight gain from weaning to yearling age, which showed minor ranking changes of Canchin sires, when the genotype-environment interaction was evaluated by the genetic correlation between trait measurements in two environments. Using the reaction norms methodology, Cardoso et al. (2005) obtained Kendall correlations ranging from 0.74 to 0.91 between genetic values for post-weaning gain of Angus cattle obtained by an animal model and the reaction norms model, indicating a moderate effect of the G*E interaction on genetic merit rankings. These results, similarly to those obtained in the present study, indicated that the favorable gene combination to perform in restrictive environments is at least partially different from that needed to improve performance in high and medium environmental levels.
Conclusions
The post-weaning gain reaction norms of Devon sires showed changing of ranking and scale effect in the environmental gradient, which suggested the need to consider the presence of the genotype-environment interaction to increase genetic gain in this population in each particular environment. The greatest ranking changes were found in extremely restrictive environments, indicating that the genes for production under unfavorable conditions are essentially different from those for favorable breeding environments. Table 2 -Spearman correlations between breeding values obtained by the animal model (MA) and by the hierarquical reaction norms model (HRNM) for different environmental levels 1 , considering the best 5% (above the diagonal) and 10% (below the diagonal) sires, as ranked by the model animal
